acts to decorrelate signals [15] . Moreover, the new experimental data also align well with the recent concepts of D'Angelo and De Zeeuw [16] and Gao et al. [13, 17] , who predicted that learning would also take place at the cerebellar input stage -the granular layer, which is also studded with ample forms of synaptic, intrinsic and hardwired plasticity.
Inarguably, the three new papers [6] [7] [8] have significantly advanced our knowledge of cerebellar function in intact, behaving animals. Yet, there are still a few unanswered questions left that need to be addressed by future studies. Specifically, it will be crucial to unravel whether the learning-related granule cell signals truly emerge in granule cells themselves or rather reflect changes in the upstream information carried by the mossy fibers. In addition, we need to determine how stable the granule cell representations are over time after the learning is completed, and finally, we need to identify the exact source of the extracerebellar reward signals ( Figure 1B ). Answering these questions will require measurements of activity in mossy fibers and granule cells over large neuronal populations with the ability to simultaneously manipulate and disrupt the inputs from a wide variety of sources. Recent advancements in designing multicolor indicators [18] , highspeed volumetric imaging [19] and all optical control of neuronal firing [20] will make it better possible to tackle these last outstanding questions. A recent study suggests that the prefrontal cortex gradually becomes critical as a storage site for remotely acquired memories. How do we interpret this observation in light of the well-known functional role of the prefrontal cortex in cognition and memory?
The prefrontal cortex has long been viewed as the site of working memory, our ability to hold newly acquired information in mind for brief periods [1] . A new study by Kitamura et al. [2] , however, suggests that prefrontal cortex plays a key role in memory for a different time period, specifically for maintaining remotely acquired memories. This study employed an impressive neurobiological toolbox, including anatomical tracing, optogenetic terminal inhibition, activity-based tagging combined with selective optogenetic activation, calcium imaging, and spine counting, and used these approaches to examine brain areas and pathways that support the acquisition and retention of contextual fear memories. The results provide converging and compelling evidence that, when mice receive a mild shock in a spatial context, the representation of the context in the hippocampus is associated with shock in two pathways ( Figure 1 ): one pathway is via entorhinal cortex directly to the amygdala, which also receives information about the shock, and this association supports memory for a few days; the other is via the entorhinal cortex to prefrontal cortex, which then interacts with the amygdala to support the fear memory from 12 days after learning onward. A key aspect of this model is that prefrontal cortex cells that will only later support memory are nevertheless altered at the time of learning but become 'functionally mature' very gradually. These findings extend earlier work by Bontempi, Silva, and their colleagues [3] [4] [5] [6] , who showed that, across multiple memory tasks including contextual fear learning, maze learning and social odor memory, the hippocampus is critically involved in memory early on, but its involvement declines over days. Conversely, over the same period, the involvement of multiple prefrontal areas, as well as retrosplenial cortex and other cortical areas, is low initially after learning, but grows over days. Furthermore, one of these studies [6] found a latent role for learning-induced plasticity in prefrontal cortex, such that neurons in this area are 'tagged' during learning in a way that is essential to its eventual role in remote memory, similar to the findings of Kitamura et al. [2] . The combination of studies provides compelling evidence that something really important is going on during learning that initiates plasticity in prefrontal areas, such that prefrontal cortex becomes essential for memory expression only after a prolonged period following learning.
While these studies focus on where and when memories are 'stored' in prefrontal cortex and other areas, there is general consensus that memory is not merely a collection of storage sites that operate at different times. Rather, memory is the expression of experience-guided plasticity of neural circuitry in the brain's multiple functional systems [7] . Therefore, a full understanding of how memory is supported by the systems described in these papers requires consideration of the functional contributions of each area, as well as of the information processing that results from their interactions associated with learning and memory [8] . There is considerable evidence that the hippocampus processes the spatialtemporal organization of experiences to support a representation of the context in fear conditioning, and that the amygdala links previously neutral stimuli, including contexts, with aversive events [7] . But what is the role of prefrontal cortex in memory and how would this role contribute differentially to remote and not recent contextual fear memories? In other words, what kind of information processing does the prefrontal cortex contribute that is not essential for learning or for retrieval shortly after learning, but becomes essential some time later? This is not clear.
There is a large literature on the prefrontal cortex, describing a variety of roles in diverse perceptual and cognitive functions. Most commonly prefrontal cortex is viewed as providing 'executive', top-down control over a broad range of cognitive functions. With regard to memory, there is considerable evidence from studies on humans [9] [10] [11] , monkeys [12] and rodents [11, 13] that the prefrontal cortex is not a storage site for memories, temporary, remote or otherwise, but contributes by suppressing the encoding and retrieval of distracting or interfering information. In humans, the role of prefrontal cortex in working memory mentioned above is currently viewed, not so much as storing memory over short periods, but rather as maintaining attention to specific new information against competing distractions [14, 15] .
Also, in humans, damage to prefrontal cortex does not result in forgetting of long-term memories, but seems rather to reduce interference from other competing memories. For example, humans with prefrontal damage normally learn and remember new verbal paired associates, but they have difficulty remembering new associations composed of the same words due to intrusions of the original associations [16] . Similarly, rats with prefrontal lesions are not impaired in remembering a list of studied odors, but their recall is characterized by intrusions of memories from previous lists [17] .
The role of prefrontal cortex in suppressing interfering memories also extends to the contextual fear memory paradigm, but the previous work using this task identified a key role of prefrontal cortex in the extinction of fear memories, not their acquisition or maintenance. These studies have shown that prefrontal cortex is not essential to the acquisition of a contextual fear memory -as also observed by Kitamura et al. [2] -but prefrontal cortex is essential when the context is subsequently presented repeatedly without shock and animals normally reduce the fearful response [18, 19] . It is well known that extinction does not erase the fear memory, because learned fear often reappears spontaneously and can readily be reinstated [19] . So the prefrontal cortex is Dispatches viewed as suppressing the earlier learned fear memory and thus allowing the expression of the newly acquired extinction memory, consistent with the general role of prefrontal cortex in adjudicating competing memories discussed above. But how does this view of prefrontal cortex function apply to recent and remote expression of the initially acquired fear memory, as observed in the Kitamura et al. [2] and other studies [3] [4] [5] [6] ? It is worth noting that, during fear conditioning, animals are typically allowed to explore the context for some time before the shock is presented, and they might acquire a memory of the environment as safe during that adaptation period. Perhaps the subsequently acquired fear memory is so salient that it overwhelms the initial safety memory without the need for prefrontal involvement. But after several days, during which the fear memory is known to lose specificity [20] , the original safety memory and the later learned fear memory compete and the prefrontal cortex now plays a critical role in selecting for expression of the fear memory. In this speculative scenario, prefrontal information processing that was established at learning becomes essential to the retrieval of a memory only as integration of the safety and fear memories continues off-line for the prolonged period of consolidation, and an adjudication of these competing memories is accomplished during subsequent retrieval by prefrontal cortex. This hypothesis is just one possibility and only future research on the nature of prefrontal information processing will clarify the role prefrontal cortex plays that becomes important in remote memory retrieval.
